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Some embodiments of the present disclosure relate to a
method to simulate patterning of a layout. The method com-
prises simulating formation of a layout pattern under a first
lithography condition. The first lithography condition com-
prises a set of parameters, wherein a value of each parameter
1s defined by a corresponding process model. The method
turther comprises randomly varying the value of each param-
cter of the first lithography condition within a range of values
defined by the corresponding process model of the parameter,
to create a second lithography condition. Formation of a
layout pattern 1s then re-simulated under the second lithog-
raphy condition. Random variation of the value of each
parameter 1s repeated to create additional lithography condi-
tions. And, each lithography condition 1s re-simulated until
the value of each parameter has been substantially varied
across a range of 1ts respective process model.
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METHOD OF LITHOGRAPHIC PROCESS
EVALUATION

BACKGROUND

In semiconductor manufacturing a lithography tool to sup-
plies radiation that 1s filtered by a mask to pattern an inte-
grated circuit (IC). In optical lithography, the mask contains a
target layout pattern of transparent and opaque areas, which
correspond to an individual layer of the IC. The radiation 1s
transmitted by the transparent arcas and blocked by the
opaque areas, which transfers the target layout pattern onto a
substrate to form an on-wafer layout pattern. Some differ-
ences between the target layout pattern and on-water layout
pattern are attributed to parameters of the lithography pro-
cess, including, but not limited to: beam coherence, depth of
tocus (DOF), numerical aperture (NA), mask error enhance-
ment factor (MEEF), image log slope (ILS), photoresist
thickness, etc. In order to determine how these lithography
parameters influence formation of the on-wafer layout pat-
tern, a simulation of the patterning as a function of the lithog-
raphy parameters 1s performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates some embodiments of method to simulate
layout patterning within a lithography tool.

FI1G. 2 illustrates some embodiments of method to simulate
layout patterning within a lithography tool.

FIGS. 3A-3C 1llustrate some embodiments of an expected
layout pattern formed from a target layout pattern.

FI1G. 4 1llustrates some embodiments of a tool arrangement
configured to perform a lithography simulation.

FIG. 5§ 1llustrates some embodiments of a matrix, wherein
cach element of the matrix comprises a combination of the
randomly-sampled lithography parameters for simulation.

FIG. 6 i1llustrates an exemplary set of lithography condi-
tions and resultant critical dimension (CD) uniformaity.

DETAILED DESCRIPTION

The description herein 1s made with reference to the draw-
ings, where like reference numerals are generally utilized to
refer to like elements throughout, and where the various struc-
tures are not necessarily drawn to scale. In the following
description, for purposes of explanation, numerous specific
details are set forth 1n order to facilitate understanding. It 1s
evident, however, that one or more aspects described herein
may be practiced with a lesser degree of these specific details.
In other instances, known structures and devices are shown in
block diagram form to facilitate understanding.

Layout patterning in advanced technology nodes (e.g.,
node 20 and beyond) 1 accordance with Moore’s Law scal-
ing has driven the minimum feature size, or “critical dimen-
sion” (CD), of a target layout pattern to the resolvable limit of
optical lithography (i.e., visible light). Enhancement tech-
niques such as illumination source optimization (ISO),
immersion methods to decrease NA, and an optical proximity
correction (OPC) techniques including shape biasing and the
placement of assist features (AFs), allow for continued scal-
ing. These methods drive increasingly complex implementa-
tions when utilized in combination. To increase design effi-
ciency under these conditions, techniques such as
Computational Lithography utilize a lithographic model to
simulate an expected on-water layout pattern from a target
layout pattern. The lithographic model simulates the expected
on-water layout pattern as a function of parameters including
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2

illumination conditions, OPC shape placement, mask error,
etc. A large number of simulations under various lithography
conditions may be used to determine an optimal lithography
condition.

Accordingly, some embodiments of the present disclosure
relate to a method to simulate patterning of a layout. The
method comprises simulating formation of a layout pattern
under a first lithography condition. The first lithography con-
dition comprises a set of parameters, wherein a value of each
parameter 1s defined by a corresponding process model. The
method further comprises randomly varying the value of each
parameter of the first lithography condition within a range of
values defined by the corresponding process model of the
parameter, to create a second lithography condition. Forma-
tion of a layout pattern 1s then re-simulated under the second
lithography condition. Random variation of the value of each
parameter 1s repeated to create additional lithography condi-
tions. And, each lithography condition 1s re-simulated until
the value of each parameter has been substantially varied
across arange of its respective process model. Note that while
the optical lithography tools depicted herein are a transmis-
stve type, the methods disclosed may also apply to reflective
type such as an extreme ultra-violet (EUV) lithography tool.

FIG. 1 illustrates some embodiments of method 100 to
simulate layout patterning within a lithography tool. While
method 100, and subsequently the method 200, are 1llustrated
and described below as a series of acts or events, 1t will be
appreciated that the 1llustrated ordering of such acts or events
are not to be interpreted in a limiting sense. For example,
some acts may occur 1n different orders and/or concurrently
with other acts or events apart from those illustrated and/or
described herein. In addition, not all illustrated acts may be
required to implement one or more aspects or embodiments
of the description herein. Further, one or more of the acts
depicted herein may be carried out 1n one or more separate
acts and/or phases.

At 102 formation of a layout pattern 1s simulated. For
example, the layout pattern may comprise an OASIS or
GDSII data format, comprising features formed on a poly-
silicon design level, metallization design level, etc. The lay-
out pattern 1s simulated with an industry-standard litho-
graphic simulation tool such as LITHOCRUISER, or other
simulation software configured to model the patterning of the
layout pattern under a first lithography condition. The first
lithography condition comprises an 1llumination source type
such as a QUASAR 1llumination source within of an optical
lithography tool such as a TWINSCAN X'T:19001 193-nm
immersion lithography system. In various embodiments,
other optical lithography tools may be used 1n conjunction
DIPOLE, QUADRAPOLE, or QUASAR illumination
source, or other 1llumination source type.

The first lithography condition further comprises a set of
parameters for the 1llumination tool, mask, OPC, etc. The set
ol parameters define values for various “knobs” of the first
lithography condition which may be tuned to find an optimal
lithography condition. These “knobs™ include depth of focus
(DOF) of the radiation, numerical aperture (NA) of the 1llu-
mination tool, intensity gradient of the radiation as defined by
an 1mage log slope (ILS), etc. Additional “knobs” include
sigma-outer and sigma-inner settings of the 1llumination tool,
which determine the respective radi1 of the outer and inner
edge of the radiation field. The set of parameters also defines
variation 1n dimensions of a mask used to form the layout
pattern such as a mask error enhancement factor (MEEF),
which measures the amplification of edge placement errors
(EPE) on the mask. The set of parameters also define an OPC
treatment of the layout pattern, including target shape biasing
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(e.g., sizing up or down along one of more edges of a feature),
and assist feature (AF) placement such as sub-resolution
assist features (SRAFs) (1.e., AFs that do not form on water),
“negative” SRAFs (1.e., mside the main feature OPC shapes),
ctc. The mask film stack or water film stack (e.g., photoresist
type and thickness) may also be modeled.

After stmulating the formation of the layout pattern under
the first lithography condition, the value of each parameter of
the first lithography condition 1s randomly varied at 104 to
create a second lithography condition. Each of the parameters
1s defined by a process model. A process model gives a range
of expected values for its respective parameter that can occur
during patterning. For instance, a process model for DOF
defines a range 1n variation of the DOF of the radiation rela-
tive to 1ts nominal value as defined by the i1llumination tool.
Similarly, a process model of the film stack includes a range
of variation 1n the photoresist thickness across a wafer relative
to its nominal value. In some embodiments, the process
model comprises a Gaussian distribution of 1ts respective
parameter. In order to randomly vary the value of the param-
eter, a Monte-Carlo (MC) technique may be used to randomly
sample a value for the parameter from within 1ts distribution.
In this manner, the value of each parameter of the first lithog-
raphy condition 1s varied within a range of values defined by
its process model to create the second lithography condition.

The second lithography condition includes a new and ran-
domly-generated combination of parameters relative to the
first lithography condition. At 106 formation of the layout
pattern under the second lithography condition 1s re-simu-
lated 1n the lithographic simulation tool.

At 108 a determination 1s made as the whether the value of
cach parameter been substantially varied within a range of 1ts
respective process model 1n prior simulations. Substantial
variation comprises sampling of values which are close to the
maximum and minimum values (e.g., within 5%, 2%, etc.) of
the parameter defined by the model. Substantial variation
turther comprises sampling of values which are between the
maximum and minimum values to a certain resolution. For
instance, consider a process model for photoresist film thick-
ness comprising a Gaussian distribution with a mean value of
10 um and a standard deviation of 1.5 um. In some embodi-
ments, substantial variation within this process model com-
prises obtaining values which are within 2% of the maximum
value (e.g., 13.5 um) and minimum value (e.g., 6.5 um), as
defined by the process model. Inthese embodiments, substan-
tial vanation further comprises a resolution of 1 um, such that
values sampled between the maximum and mimmum are no
more than 1 um apart. Therefore, a minimum number of
samples required for these embodiments to obtain substantial
variation within the process model for photoresist film thick-
nessi1s 8 (e.g., 6.5 um, 7.5 um, 8.5 um, 9.5 um, 10.5 um, 11.5
wm, 12.5 um, and 13.5 um).

If a determination 1s made at 108 that each parameter been
substantially varied within a range of 1its respective process
model, the method 100 ends and a plurality of simulations
obtained from the in previous iterations are examined. How-
ever, a determination 1s made that one or more parameters
have not been substantially varied within their respective
process model range, then the method 100 returns to 104, and
the value of each parameter of the second lithography condi-
tion 1s randomly varied to create a third lithography condi-
tion, which 1s then re-simulated at 106. This process will
continue 1iteratively between 104 and 108 until each param-
cter has been substantially varied within a range of 1ts respec-
tive process model.

The goal of the vanation and re-simulation 1 100 1s to
examine a full range of possible patterming conditions defined
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by the various random combinations of parameters. After the
tull range has been simulated, the lithographic simulation tool
can be used to examine the layout pattern obtained from each
simulation 1n order to determine which one 1s most suitable
for manufacturing. To achieve this, the lithographic simula-
tion tool 1s configured to measure dimensions of the simu-
lated layout pattern to determine 11 they are within predeter-
mined limits. In some embodiments, the determined
dimensions of the layout pattern comprise a minimum dimen-
s1on o a feature within the layout pattern, a maximum dimen-
s1on of the feature, a uniformity of an edge of the feature, or
uniformity 1n a space between two features. An example of
determined dimensions will be shown 1n greater detail 1n
FIGS. 3A-3C.

FIG. 2 1llustrates an alternative formulation of a method
200 of simulating layout patterning within the lithography
tool.

At 202 a target layout pattern (e.g., OASIS, GDSII, etc.) 1s
input 1nto the lithography simulation tool.

At 204 a combination of values for lithography parameters
are randomly generated from their respective process models
by a Monte-Carlo technique.

At 206 the combination of values lithography parameters 1s
applied to a simulation of target layout patterning within the
lithography simulation tool.

At 208 patterning of the target layout 1s simulated 1n the
lithography simulation tool to produce an expected layout
pattern.

At 210 the dimensions of the expected layout pattern are
checked to see 1 they are within specification limits of a
lithography process. In some embodiments, specification
limits comprise a comprise a minimum dimension of a feature
within the layout pattern, a maximum dimension of the fea-
ture, a umiformity of an edge of the feature, or a uniformity in
a space between two features.

At 212 if the dimensions are within the specification limits,
the method 200 proceeds to a mask build of the target water
pattern and subsequent wafer exposure. If, however, the
dimensions are determined to not be within the specification
limits at 210, the method returns to 204 and repeats the
random generation of the combination of lithography param-
eters. The method then returns to 206 and re-simulates the
target layout patterning, etc. These steps are repeated itera-
tively within method 200 until the simulated dimensions of
the expected layout pattern are within specification limits.

FIG. 3A illustrates some embodiments of a target layout
pattern 300A comprising target layout features 302, which
are formed on a physical design level (e.g., poly-silicon,
metallization, etc.) within a layout design window. FIG. 3B
illustrates some embodiments of an expected layout pattern
300B, which results from a lithographic simulation of the
target layout pattern 300A under a set of lithographic condi-
tions. Variation between expected layout features 304 of the
expected layout pattern 300B and the target layout features
302 are attributed to parameters of the lithography process
(e.g., NA, inner/outer sigma, DOF, ILS, OPC and AF place-
ment, MEEF, etc.), as well as fundamental limitations of the
lithography process such as corner-rounding of the expected
layout features 304, etc.

FIG. 3C 1llustrates an exemplary view 300C of expected
layout features 304 and their associated target layout features
302. It 1s appreciated that the scale of the variation 1s of the
expected layout features 304 relative to their associated target
layout features 302 1s exaggerated for the purpose of 1llustra-
tion. The target layout features 302, formed 1n the design
window 1n a layout data format (e.g., OASIS, GDSII, etc.),
and comprise a minimum designed width 306 and minimum
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designed space 308. The atorementioned simulated varia-
tions result in expected layout features 304 comprising a
mimmum simulated width 310 and space 312. To 1mnsure that
these expected layout features 304 are manufacturable, the
mimmum simulated width 310 and space 312 must be within
design specification limits of the physical layer of the IC
which they represent. For mstance, for expected layout fea-
tures 304 formed on a metallization design level, the mini-
mum simulated width 310 must be greater than a critical
dimension (e.g., 80% of the minimum designed width 306) to
guarantee manufacturability, and hence yield, of the IC. Simi-
larly, the minimum simulated space 312 must be greater than
a predetermined threshold. Otherwise, two separate expected
layout features 304 could potentially merge and cause a short.
A maximum dimension and space of the expected layout
teatures 304 may be considered analogously, depending on
the patterning process. Additionally, a uniformity of an edge
314 of the expected layout features 304 may be considered.
Uniformity in a space 316A-316B between two expected
layout features 304 may also be considered.

FI1G. 4 1llustrates some embodiments of a tool arrangement
400 configured to perform a lithography simulation. The tool
arrangement 400 comprises a layout tool 402 such as a

CADENCE VIRTUOSO or MENTOR GRAPHICS design
window, configured to produce a layout representation of an
IC (e.g., OASIS, GDASII, etc.). The tool arrangement 400
further comprises a simulation tool 404 such a
LITHOCRUISER, or other simulation software, configured
to model the patterning of the layout representation under a
lithography condition determined from lithographic param-
cter models 412. The tool arrangement 400 further comprises
a mask building tool 406 configured to pattern a reticle with a
target layout pattern corresponding to the layout representa-
tion. In some embodiments, the reticle comprises a quartz
photomask which 1s patterned with a mask film stack com-
prising a metallic material (e.g., chromium) for optical lithog-
raphy. In some embodiments, the reticle comprises a multi-
layer mirror comprising alternating reflective (e.g., Mo, Ru,
etc.) and spacer layers (e.g., S1), configured to retlect incident
radiation through Bragg interference for EUV lithography.

The tool arrangement 400 turther comprises an 1llumina-
tion tool 408 configured to pattern a substrate with the reticle.
In some embodiments, the illumination tool 408 comprises an
optical lithography tool (e.g., a TWINSCAN XT:19001 193-
nm 1mmersion lithography system). In some embodiments,
the 1llumination tool 408 comprises an EUV illumination tool
comprising a synchrotron, or a plasma source such as 1onized
xenon (Xe) or tin (Sn) produced by a laser or thermal excita-
tion.

The tool arrangement 400 further comprises a lithographic
measurement tool 410. In some embodiments, the litho-
graphic measurement tool 410 comprises an optical measure-
ment tool configured to measure radiation emitted by the
illumination tool 408 such a NA, DOF, radiation coherence,
intensity, etc. In some embodiments, the lithographic mea-
surement tool 410 1s configured to measure variation 1in
dimensions of a mask used to form the layout pattern (e.g.,
EFE, MEEF, etc.). In some embodiments, the lithographic
measurement tool 410 comprises a physical measurement
tool such as a scanning electron microscope (SEM) config-
ured to measure the dimensions of on-waler layout features
alter patterning. In some embodiments, the lithographic mea-
surement tool 410 1s configured to determine a process model
(1.e., lithographic parameter models 412) of a parameter by
measuring variation of the parameter across a reticle field, by
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comparing the parameter between two of more reticle fields,
by comparing the parameter between two of more wafers, or
a combination thereof.

In some embodiments, the lithographic parameter model
412 of a parameter (e.g., NA, inner/outer sigma, DOF, ILS,
OPC and AF placement, MEEF, etc.) comprises a Gaussian
distribution of the parameter, which is stored in memory for
reference by a Monte-Carlo tool 414. The Monte-Carlo tool
414 1s configured to randomly-sample a value of each lithog-
raphy parameter from its respective process model, and to
model a lithography condition as a combination of randomly-
sampled lithography parameter values. The Monte-Carlo tool
414 1s further configured to transmit the lithography condi-
tion to the simulation tool 404. In some embodiments, the
Monte-Carlo tool 414 1s turther configured to produce a litho
parameter matrix 416 comprising a substantial variation of
cach lithography parameter value within 1ts respective distri-
bution. The litho parameter matrix 416 will be discussed in
greater detail 1n the embodiments of FIG. 5.

By randomly sampling values for the each lithography
parameter, simulating random combinations of the values
within the simulation tool 404, and repeating the sampling
and variation until each lithography parameter 1s substan-
tially varied within a range of its respective lithographic
parameter model 412, a distribution of expected layout con-
figurations 418 may be constructed. The distribution of
expected layout configurations 418 can be used to examine a
tull range of possible patterning results which are achievable
for a given lithographic process.

FIG. § illustrates some embodiments of an nxm litho
parameter matrix 416, wherein each element of the matrix,
f(x,,y,)-1(x .y, ) comprises a combination of the randomly-
sampled lithography parameters. For the embodiments of
FIG. 5, the litho parameter matrix 416 comprises a function of
two parameters: 1(x,y). In general, the function (i.e., stmula-
tion) 1s a function of more than two parameters, as will be
demonstrated 1in FIG. 6. For the embodiments of FIG. 5, the
values of n and m are determined by a number of Monte-Carlo
samplings utilized to sample a substantial portion of the range
of varniation of the process model for x and y. For 1nstance, n
Monte-Carlo samplings where required to substantially
sample the process model for x. Likewise, m Monte-Carlo
samplings where required to substantially sample the process
model for y. Once both ranges are substantially sampled, each
clement of the litho parameter matrix 416 1s simulated to
obtain the distribution of expected layout configurations 418.

FIG. 6 illustrates a table 600 representing an exemplary set
of lithography conditions, and resultant critical dimension
uniformity (CDU) of an expected layout pattern. The table
600 of lithography conditions of FIG. 6 1s for illustration
purposes, and 1s not itended to impose a limitation on the
scope ol the present disclosure. Specifically, NA, outer-
sigma, inner-sigma, DOF, MEEF, and ILS comprise only one
combination of lithographic parameters for simulation. It 1s
demonstrated in table 600 that a first lithography condition
602 gives a horizontal CDU (x-CDU) of 3.5 nm/shape (1.e.,
the variation 1n width of an expected layout feature 1s 3.5 nm
per shape, or 1.75 nm per edge). Similarly, the first lithogra-
phy condition 602 gives a vertical CDU (y-CDU) of 4.7
nm/shape. The simulated result of the first lithography con-
dition 602 gives a superior result to a simulated result of a
second lithography condition 604 (x-CDU=5.2 nm/shape,
y-CDU=7.4 nm/shape).

The second lithography condition 604 only considers
maximum and minimum values for the lithographic param-
cters. In contrast, the first lithography condition 602 consid-
ers many combinations which substantially cover a range of
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variation for each parameter. The values for the lithographic
parameters of the first lithography condition 602 were ran-
domly sampled by a Monte-Carlo technique. The random
sampling was repeated until a range of vanation of each
lithography parameter was substantially sampled. The vari-
ous combinations of values were then entered into a matrix,
wherein each element of the matrix comprises a lithography
condition represented by a random combination of values of
the parameters. Each element of the matrix was then simu-
lated, and the best result, comprising first lithography condi-
tion 602, i1s reported in the table 600. Note that while the
matrix 500 comprises a two-dimensional matrix, a matrix
corresponding to the exemplary set of lithography conditions
in table 600 would utilize an eight-dimensional matrix.

It will also be appreciated that equivalent alterations and/or
modifications may occur to one of ordinary skill in the art
based upon a reading and/or understanding of the specifica-
tion and annexed drawings. The disclosure herein includes all
such modifications and alterations and 1s generally not
intended to be limited thereby. In addition, while a particular
feature or aspect may have been disclosed with respectto only
one of several implementations, such feature or aspect may be
combined with one or more other features and/or aspects of
other implementations as may be desired. Furthermore, to the
extent that the terms “includes™, “having”, “has™, “with”,
and/or vanants thereof are used herein; such terms are
intended to be inclusive in meaming—Ilike “comprising.”
Also, “exemplary” 1s merely meant to mean an example,
rather than the best. It 1s also to be appreciated that features,
layers and/or elements depicted herein are illustrated with
particular dimensions and/or orientations relative to one
another for purposes of simplicity and ease of understanding,
and that the actual dimensions and/or orientations may differ
substantially from that illustrated herein.

Therefore, some embodiments of the present disclosure
relate to a method to simulate patterning of a layout. The
method comprises simulating formation of a layout pattern
under a first lithography condition. The first lithography con-
dition comprises a set of parameters, wherein a value of each
parameter 1s defined by a corresponding process model. The
method further comprises randomly varying the value of each
parameter of the first lithography condition within a range of
values defined by the corresponding process model of the
parameter, to create a second lithography condition. Forma-
tion of a layout pattern 1s then re-simulated under the second
lithography condition. Random variation of the value of each
parameter 1s repeated to create additional lithography condi-
tions. And, each lithography condition 1s re-simulated until
the value of each parameter has been substantially varied
across a range of 1ts respective process model.

In some embodiments, the present disclosure relates to a
method for IC manufacturing within a lithography process,
comprising simulating formation of a layout pattern of the IC
under a first lithography condition comprising a set of param-
cters, wherein a value of each parameter 1s defined by a
process model. The method further comprises randomly
varying the value of each parameter of the first lithography
condition within a range of values defined by 1ts process
model to create a second lithography condition, and re-simu-
lating the formation of the layout pattern under the second
lithography condition. The random variation of the value of
cach parameter 1s repeated to create additional lithography
conditions, and each lithography condition 1s re-simulated
until the value of each parameter has been substantially varied
across a range of 1ts respective process model.

In some embodiments, the present disclosure relates to a
method for IC manufacturing within a lithography process,
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comprising mputting a target layout pattern of the IC into a
lithography simulation tool, randomly generating a combina-
tion of values for parameters of the lithography process, and
applying the combination of values to a simulation of target
layout patterning. The method further comprises simulating
target layout patterning 1n the lithography simulation tool to
produce an expected layout pattern, and determining whether
dimensions of the expected layout pattern are within specifi-
cation limits of the lithography process. The random genera-
tion of the combination of values for the parameters i1s
repeated, and the target layout patterming 1s re-simulated until
the dimensions of the expected layout pattern are within
specification limits of the lithography process.

In some embodiments, the present disclosure relates to a
tool arrangement, configured to perform a lithography simu-
lation. The tool arrangement comprises a Monte-Carlo tool
configured to randomly-sample a value of a value of a lithog-
raphy parameter from 1ts process model, wherein the process
model represents a range of variation of a lithography param-
cter within the lithography process. The Monte-Carlo tool 1s
turther configured to model a lithography condition as a com-
bination of randomly-sampled lithography parameters val-
ues, and transmit the lithography condition to a simulation
tool configured to simulate formation of a layout pattern
under the lithography condition.

What 1s claimed 1s:
1. A method for integrated chip (IC) manufacturing within
a lithography process, comprising:
simulating formation of a layout pattern of the IC, within a
lithographic simulation tool, under a first lithography
condition comprising a set of parameters, wherein a
value of each parameter 1s defined by a process model;

randomly varying the value of a parameter of the first
lithography condition within a range of values defined
by 1ts process model to create a second lithography
condition;

re-simulating the formation of the layout pattern under the

second lithography condition; and

repeating the random variation of values of parameters of

the set of parameters to create additional lithography
conditions, re-simulating each lithography condition
until the value of each parameter has been substantially
varied across a range of 1ts respective process model by
obtaining simulation results for values of the parameter
that are within a predefined resolution, such that any
value of a parameter sampled from its process model 1s
within a predefined percentage of the range from another
value of the parameter sampled from the process model.

2. The method of claim 1, wherein the values of the param-
eters for each lithography condition are randomly-sampled
from their respective process models by a Monte-Carlo tech-
nique.

3. The method of claim 2, wherein the parameter comprises
coherence of radiation produced by a lithography tool per-
forming the lithography process, a depth of focus of the
radiation, a numerical aperture of the lithography tool, an
intensity gradient of the radiation, sigma-outer and sigma-
iner settings of the lithography tool, a mask error enhance-
ment factor, target shape biasing, assist feature placement,
mask film stack, or wafer film stack.

4. The method of claim 1, further comprising re-simulating
the additional lithography conditions until dimensions of the
simulated layout pattern are within predetermined limaits.

5. The method of claim 4, wherein the dimensions com-
prise a mmimum dimension of a feature within the layout
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pattern, a maximum dimension of the feature, a uniformity of
an edge of the feature, or a uniformity in a space between two
features.

6. The method of claim 4, further comprising re-simulating
the additional lithography conditions until a distribution of
expected layout configurations 1s established.

7. The method of claim 1, wherein a substantial variation of
the parameter across the range of 1ts process model comprises
obtaining simulation results for values of the parameter that
are within a predefined percentage from maximum or mini-
mum values of the range of the parameter that are defined by
the process model.

8. A tool arrangement, configured to perform a lithography
simulation, comprising:

a Monte-Carlo tool configured to:

randomly-sample a value of a lithography parameter
from 1ts process model, wherein the process model
represents a range of variation of the lithography
parameter within a lithography process;

model a lithography condition as a combination of ran-
domly-sampled lithography parameters values; and

transmit the lithography condition to a simulation tool
configured to simulate formation of a layout pattern
under the lithography condition;

wherein the Monte-Carlo tool 1s further configured to

achieve a substantial variation of the parameter that 1s
sampled from 1ts process model by obtaining simulation
results for values of the parameter that are within a
predefined percentage from maximum or minimuin val-
ues of a range of the parameter that are defined by the
process model.

9. The tool arrangement of claim 8, further comprising a
lithographic measurement tool configured to measure the
value of the parameter, wherein the parameter includes a
depth of focus of radiation produced by the lithography tool,
a numerical aperture of the lithography tool, variation 1n
dimensions of a mask used to form the layout pattern, inten-
sity gradient of the radiation.

10. The tool arrangement of claim 9, wherein the litho-
graphic measurement tool 1s further configured to measure a
variation of the value of the parameter across a reticle field, or
to compare the value between two of more reticle fields.

11. The tool arrangement of claim 8, wherein the Monte-
Carlo tool 1s further configured to achieve a substantial varia-
tion of the parameter that 1s sampled from its process model
by obtaining simulation results for values of the parameter
that are within a predefined resolution, such that any value of
the parameter sampled from the process model 1s within a
predefined percentage of the range from another value of the
parameter that 1s sampled from the process model.

12. The tool arrangement of claim 8, wherein the simula-
tion tool 1s further configured to measure dimensions of the
simulated layout pattern to determine 11 they are within pre-
determined limiats.

5

10

15

20

25

30

35

40

45

50

10

13. The tool arrangement of claim 12, wherein the dimen-
sions of the simulated layout pattern comprise a minimum
dimension of a feature within the layout pattern, a maximum
dimension of the feature, a uniformity of an edge of the
feature, or a unmiformaity 1n a space between two features.
14. A method, comprising:
creating a plurality of lithography conditions, wherein
cach lithography condition includes a random combina-
tion of values of a set of parameters, wherein the value of
cach parameter 1s defined by a process model;

simulating formation of a layout pattern under one or more
of the plurality of lithography conditions within a litho-
graphic simulation tool until the value of each parameter
of the set has been substantially varied across a range of
its respective process model; and

creating a distribution of expected layout configurations

within a matrix comprising n dimensions, wherein n 1s
equal to a number of Monte-Carlo simulations utilized
to substantially vary a parameter across the range of its
respective process model.

15. The method of claim 14, wherein a total number of
clements within the matrix 1s equal to a total number of
Monte-Carlo simulations utilized to substantially vary each
parameter of the set across the range of 1ts respective process
model.

16. The method of claim 14, wherein a substantial variation
of the parameter across the range of 1ts process model com-
prises obtaining simulation results for values of the parameter
that are within a predefined percentage from maximum or
minimum values of the parameter that are defined by the
process model.

17. The method of claim 14, wherein a substantial variation
of the parameter across the range of 1ts process model com-
prises obtaining simulation results for values of the parameter
that are within a predefined resolution, such that any value of
the parameter sampled from the process model 1s within a
predefined percentage from another value of the parameter
sampled from the process model.

18. The method of claim 14, wherein the set of parameters
comprise coherence of radiation produced by a lithography
tool, a depth of focus of the radiation, a numerical aperture of
the lithography tool, an intensity gradient of the radiation,
sigma-outer and sigma-inner settings of the lithography tool,
a mask error enhancement factor, target shape biasing, assist
feature placement, mask film stack, or water film stack.

19. The method of claim 14, further comprising measuring
dimensions of the simulated layout pattern to determine 1f
they are within predetermined limits, wherein the dimensions
of the simulated layout pattern comprise a minimum dimen-
s1on of a layout feature, a maximum dimension of the layout
feature, a uniformity of an edge of the layout feature, or a
uniformity 1n a space between two layout features.

20. The method of claim 14, wherein the stmulated layout
pattern 1s formed from graphical layout data.
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